Fibroblast growth factor 8 (FGF-8) is implicated in growth of prostate cancer. Alternative splicing of the human FGF-8 gene potentially allows coding for four protein isoforms (a, b, e, and f). These isoforms differ in their binding to FGF receptors (FGFR) and in their mitogenic and transforming capacity in transfection assays. Here, we used RT-PCR and immunohistochemistry to study the expression of FGF-8 and FGFR isoforms in human prostate cancer (n ϭ 31). Nonmalignant prostate specimens from cystoprostatectomies (n ϭ 24) were examined as controls. Most prostate cancer samples and some control prostates also contained prostatic intraepithelial neoplasia (PIN) lesions. FGF-8a and e were expressed at significantly higher frequencies in prostate cancer (FGF-8a, 55%; FGF-8e, 45%) than in control samples (FGF-8a, 17%, p ϭ 0.0052; FGF-8e, 8%, p ϭ 0.0031). On the contrary, FGF-8b was found at an equal frequency in prostate cancer (55%) and in control prostates (50%). Furthermore, a combination of two or three FGF-8 isoforms (a, b, and/or e) was also expressed at a higher frequency in prostate cancer than in control samples (45% and 8%, respectively, p ϭ 0.0031). Immunohistochemistry with an antibody recognizing all FGF-8 isoforms was more strongly immunoreactive in prostate cancer cells and PIN lesions than in normal-type epithelium. The receptor splicing variants FGFR1IIIc and FGFR2IIIc, which are activated by FGF-8, were found both in prostate cancer and control samples. Interestingly, immunoreactivity for FGFR1 and FGFR2 was much stronger in prostate cancer cells and PIN than in normal epithelium. These results demonstrate, for the first time, that FGF-8 isoforms and their receptors FGFR1IIIc and FGFR2IIIc are expressed at an increased level not only in prostate cancer but also in premalignant PIN lesions. These data suggest that FGF-8 may have an important autocrine role in the development of human prostate cancer. In addition to FGF-8b, the FGF-8 isoforms a and e may be involved in this process. (Lab Invest 2001, 81:815-826).
F
ibroblast growth factors (FGFs) and their receptors have been suggested to be involved in the progression of prostate cancer (reviewed in [Russell et al, 1998 ] and [Chevalier et al, 1996] ). FGF-8 was originally cloned from SC-3 mouse mammary carcinoma cells and classified as an androgen-induced growth factor (Tanaka et al, 1992) . FGF-8 has a transforming capacity (Kouhara et al, 1994) and is expressed in both human breast and prostate cancer (Dorkin et al, 1999; Leung et al, 1996; Marsh et al, 1999) . In rodents, FGF-8 is widely expressed during embryonal development (Crossley and Martin, 1995; Crossley et al, 1996a Crossley et al, , 1996b Heikinheimo et al, 1994; Lorenzi et al, 1995; MacArthur et al, 1995c; Mahmood et al, 1995; Ohuchi et al, 1994) . In adult rodent tissue, FGF-8 has only been detected in testes (MacArthur et al, 1995c) and in oocytes of ovarian antral follicles (Valve et al, 1997) .
Four potential isoforms (a, b, e, and f) of the human FGF-8 gene have been described (Gemel et al, 1996) , as well as four FGF receptors (FGFR1 to 4). FGF-8b is the most actively transforming isoform in NIH3T3 cell transfection studies (Ghosh et al, 1996; MacArthur et al, 1995a) . This isoform activates the FGFR splicing variants 2IIIc, 3IIIc, and FGFR4 whereas FGF-8e activates FGFR3IIIc and FGFR4 (Blunt et al, 1997) . The FGF-8a isoform did not activate any of the FGFRs in those assays (Blunt et al, 1997) . FGFR1IIIc was also activated when micromolar concentrations of FGF-8 were used (Kouhara et al, 1994; MacArthur et al, 1995b) . The c-type FGFR splicing variants are typically expressed in mesoderm-derived tissues and the b-type receptors in epithelial cells, suggesting that, during normal embryonal development, FGF-8 action is directed from epithelium to mesenchyme in a paracrine manner (MacArthur et al, 1995b) . In a rat prostate cancer model, the exon switching from epithelial FGFR2IIIb to FGFR2IIIc was demonstrated to correlate with the process of malignant transformation and tumor progression (Yan et al, 1993) . Additionally, FGFR1, which is expressed only in stroma of normal rat prostate, was activated in malignant epithelial cells in that model.
The results of previous studies on the role of FGF-8 in human prostate cancer have been conflicting (Dorkin et al, 1999; Leung et al, 1996; Tanaka et al, 1998; Wang et al, 1999) . Additionally, the expression of various FGF-8 isoforms in human prostate is not known. Therefore, we analyzed FGF-8 and its isoforms in malignant and nonmalignant human prostate. Samples of prostate cancer from 31 patients and samples of control prostates from 24 cystoprostatectomies were analyzed by reverse transcription polymerase chain reaction (RT-PCR). The localization of FGF-8 was studied by immunohistochemistry in serial sections of 13 prostate cancer and 7 control prostate samples. The intensity of immunoreactivity in cancer cells, prostatic intraepithelial neoplasia (PIN) lesions, and normal-type epithelium was estimated semiquantitatively. Additionally, the expression and localization of the putative FGF-8 receptors were demonstrated and analyzed similarly using RT-PCR and immunohistochemistry.
Results

Expression of FGF-8 Isoforms in Control Prostate and Prostate Cancer Samples
We first examined which FGF-8 isoforms were expressed in prostate cancer (n ϭ 31) and control prostate (n ϭ 24) samples using RT-PCR (Ghosh et al, 1996) . The expression of the isoforms a, b, and/or e (or combinations) in representative prostate cancer samples (n ϭ 10) and control samples (n ϭ 2) are shown in Figure 1 . The RT-PCR products were sequenced to confirm the correspondence to different FGF-8 isoforms. The putative human FGF-8f isoform was not detected in any of the samples. The expression of various FGF-8 isoforms in each prostate cancer and nonmalignant control specimen studied is shown in Tables 1 and 2 . In prostate cancer specimens, FGF-8b was observed in 17 of 31 cases (55%), FGF-8a was also found in 17 cases (55%), and FGF-8e in 14 of 31 cases (45%) ( Tables 1 and 2 and Fig. 1) . In control prostates, FGF-8b expression was found in 12 of 24 cases (50%), whereas FGF-8a expression was found in only 4 cases (17%) and FGF-8e in only 2 cases (8%). Interestingly, the FGF isoform b, which was previously found to be the most transforming isoform in the in vitro experiments (Ghosh et al, 1996) , was not expressed more frequently in prostate cancer than in control prostates. Another interesting finding was that both FGF-8 isoforms a and e were expressed more commonly in prostate cancer (FGF-8a, 17 of 31, 55%; and FGF-8e, 14 of 31, 45%), than in control samples (FGF-8a, 4 of 24, 17%; and FGF-8e, 2 of 24, 8%; Fisher's exact test p ϭ 0.0052, p ϭ 0.0031, respectively) (Tables 1 and 2 and Fig. 2) . Additionally, different combinations of isoforms such as aϩb, aϩe, or aϩbϩe were found more frequently in prostate cancer than in controls (14 of 31 cases, 45% versus 2 of 24 cases, 8%; Fisher's exact test p ϭ 0.0031). There was no obvious correlation between the expression of different isoforms and the grade of prostate cancer (Tables 1 and 2 ).
FGF-8 Immunohistochemistry
The localization and expression level of FGF-8 protein was studied using a polyclonal goat antibody to FGF-8, which recognizes all FGF-8 isoforms. FGF-8 immunoreactivity was analyzed in sections of randomly selected specimens from 7 cystoprostatectomies (controls) and from 13 prostate cancers (Tables 3  and 4) , and the intensity of immunoreactivity was separately studied and classified by two researchers (Tables 3 and 4) . FGF-8 immunoreactivity was localized to the cytoplasm of epithelial cells in both PIN lesions (Fig. 3, B and E) and in prostate cancer (Fig. 3 , C and F). Stromal immunoreactivity was generally absent or very weak.
Immunoreactivity was absent or weak in normal epithelium of control prostates (Fig. 3 , A and D, and white arrow in B, and Table 3 ) or in normal-type epithelium of prostate tissue surrounding areas of Southern hybridization of the RT-PCR products of FGF-8 isoforms in prostate cancer (CA) and control prostates (Crl). Total RNA from prostate cancer and control prostate tissue specimens were examined by RT-PCR. The primers were chosen to differentiate the FGF-8 isoforms according to the sizes of the RT-PCR products (Ghosh et al, 1996) (a, 332 bp; b, 366 bp; and e, 420 bp) . Examples of RT-PCR from representative prostate cancer specimens from 10 patients and control specimens from 2 patients are shown. FGF-8 isoforms a, b, and e were expressed in both prostate cancer and control prostate, whereas no expression of the FGF-8f isoform was detected.
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prostate cancer in carcinoma specimens ( Fig. 3C and Table 4 ). In most PIN lesions found in control prostate (Table 3 ) or in prostate cancer samples (Table 4) , FGF-8 immunoreactivity was clearly detectable or strong. PIN lesions were found in 5 of 7 control prostates and in 7 of 13 prostate cancers studied by immunohistochemistry. Immunoreactivity of PIN lesions for FGF-8 was not found in only one control prostate (P25) ( Table 3 ). In prostate carcinoma samples, cancer cells were mostly moderately or strongly immunoreactive (Fig. 3, C and F) . There was, however, a wide variation, ranging from not detectable to strong immunoreactivity of cancer cells within some prostate specimens (Tables 3 and 4) . No obvious correlation between the FGF-8 level and the histologic grading of prostatic carcinoma could be detected (Tables 3 and  4) .
FGF-8 Receptor Expression in Prostate Cancer and Nonmalignant Prostate
In vitro experiments indicate that FGF-8 preferentially activates the FGFR isoforms FGFR2IIIc, FGFR3IIIc, and FGFR4 (Blunt et al, 1997) . FGFR1IIIc is also activated when the concentration of FGF-8 is high (in the micromolar range) (Kouhara et al, 1994; MacArthur et al, 1995b) . We used RT-PCR to investigate which of these FGFRs were expressed in control prostates and prostate cancer specimens. Figure 4 shows that FGFR1IIIc and FGFR2IIIc were expressed in both control prostates and prostate cancer specimens. Low levels of FGFR3IIIc expression were found in some prostate cancer samples using increased cycles of RT-PCR. FGFR4 was not detected by RT-PCR. FGFR2IIIb expression was also detected, but at a lower level than FGFR1IIIc or FGFR2IIIc. MCF-7 cells were used as a positive control for FGFR (Johnson et al, 1998) .
Immunoreactivity and Localization of FGFR1 and FGFR2
The localizations and levels of FGFR1 and FGFR2 proteins in control and prostate cancer tissues were investigated by immunohistochemistry in most of the samples examined for FGF-8 immunoreactivity (Fig. 5 and Tables 3 and 4 ). Both receptor proteins were No isoform mainly localized to the membranes of epithelial or cancer cells (Fig. 5 ). Strong immunoreactivity of basal epithelial cells and faint stromal immunoreactivity were also detected with the antibody to FGFR1.
Intensity of immunoreactivity for FGFR1 and FGFR2 in various regions of control prostate and prostate cancer specimens was estimated as for FGF-8 immunoreactivity (Tables 3 and 4 ). The immunoreactivity for Tables 3 and  4 shows a summary of the immunohistochemistry results for FGF-8, FGFR1, and FGFR2.
Discussion
Our present work is the first demonstration of increased expression of FGF-8 and its receptors in premalignant PIN lesions. The intensity of immunoreactivity was comparable to that found in prostate cancer samples and clearly increased compared with the normal-type prostate epithelium. We also demonstrated an increased heterogeneity in the expression pattern of the mRNAs for different FGF-8 isoforms in prostate cancer. Our finding of increased immunoreactivity of FGF-8 in prostate cancer is in agreement with previous reports (Dorkin et al, 1999; Leung et al, 1996; Tanaka et al, 1998) . Interestingly, the expression of FGF-8 was also clearly increased in PIN lesions, which are commonly found near cancer but also occur in benign prostates. Our finding adds an important new facet to the possible role of FGF-8 in prostate cancer, and suggests that FGF-8 might be important in early phases of development of malignant changes in prostate epithelium. The expression of FGF-8 in normal prostate epithelium is not known, but our immunohistochemical analyses suggested that expression outside of the PIN lesions would be very low. It is probable, however, that FGF-8 stimulates proliferation of prostatic epithelial cells. Increased expression would thus facilitate the occurrence of malignant transformations of prostate epithelium and the development of PIN lesions, which are thought to be precursors of prostate cancer (Bostwick, 1995) . A recent report of increased expression of another member of the FGF family, FGF-6, in PIN lesions would probably also contribute to this process (Ropiquet et al, 2000) .
FGF-8 isoforms result from alternative splicing of the FGF-8 gene. In vitro transfection experiments with NIH3T3 cells found that FGF-8b is the most transforming mouse (MacArthur et al, 1995a) and human (Ghosh et al, 1996) FGF-8 isoform. FGF-8b was also expressed in the prostate cancer cell lines ALVA-31, DU145, LNCap, and PC-3 (Ghosh et al, 1996) . However, in our RT-PCR study, FGF-8b was expressed in both control prostate and prostate cancer specimens. This may be explained by the fact that control prostates were obtained from cystoprostatectomies or that the patients were, on average, as old as the prostate cancer patients and the occurrence of PIN lesions in this age group is high. Thus, although the control samples were normal for the age, and the histologic specimens were nonmalignant according to the histopathologic criteria, several of these prostates contained premalignant PIN changes. Because our immunohistochemistry clearly showed that PIN lesions generally expressed FGF-8, whereas areas of normal epithelium did not, it is probable that the FGF-8b mRNA in RT-PCR of control prostates was mainly derived from these PIN lesions. However, the incidence of at least subclinical benign prostatic hyperplasia in this age group is high. Thus, the regulation of prostatic epithelium and FGF-8 expression may be different from totally normal tissue. In future studies, the expression of FGF-8 in totally normal epithelium compared with benign prostatic hyperplasia or PIN could be analyzed by studying prostates from a younger age group, in which the probability of PIN lesions or benign prostatic hyperplasia is low, or by using microdissected areas of normal and PIN acini for RT-PCR studies.
In our study, FGF-8 isoforms a and e were expressed in a significantly higher proportion of prostate cancers than in control samples. The previous experiments of Ghosh et al (1996) demonstrated that although FGF-8b was the most effectively transforming isoform, the FGF-8 isoforms a and e were also moderately tumorigenic when transfected to NIH3T3 cells and injected into the anterior chambers of the eyes of nude mice. Thus it is possible that FGF-8 a and e isoforms have a specific role in prostate cancer. 
PIN, prostatic intraepithelial neoplasia; Ϫ, no PIN lesions in the sample. Intensity of immunoreactivity: 0, none; ϩ, weak, ϩϩ, moderate; ϩϩϩ, strong; 0/ϩ, 0/ϩϩ, 0/ϩϩϩ, ϩ/ϩϩ, ϩ/ϩϩϩ, ϩϩ/ϩϩϩ: heterogenous distribution of immunoreactivity. Another possibility is that the increased level or increased expression of several isoforms together in prostate cancer cells reflects progression of genetic heterogeneity and instability.
FGF-8 Isoforms and FGF Receptors in PIN
The increased expression of FGF-8 in PIN lesions and prostate cancer cells was generally associated with increased immunoreactivity of FGFRs 1 and 2 in the corresponding areas. This finding supports the possibility that FGF-8 acts as an autocrine factor in prostate epithelium. Our RT-PCR of various splicing variants of the FGFRs indicated that FGFR1IIIc and FGFR2IIIc were the major FGFR mRNA forms in both control prostates and in prostate cancer. Low levels of FGFR3IIIc were, however, found in some prostate cancer samples when more sensitive RT-PCR conditions and increased number of PCR cycles were used (data not shown). Expression of FGFR2IIIb was also detected but, again, the level was low. Our results are consistent with the RT-PCR study of Leung et al (1996) , that reported that FGFR2IIIc transcripts are expressed in resected prostate cancer tissues. Furthermore, overexpression of both FGFR1 and FGFR2 has been demonstrated in human prostate cancer (Giri et al, 1999 ). We did not detect expression of FGFR4 in any of our prostate samples. Very recently, however, Ropiquet et al (2000) were able to detect FGFR4 in the normal peripheral zone of prostate tissue and in the prostate cancer cell lines DU145, PC3, and LNCaP using RT-PCR. They noted, however, that the level of expression was relatively low. Our results suggest that FGFR1 and FGFR2 are the most abundant FGFR forms in human prostate tissue.
FGFR2IIIb mRNA was expressed at a lower level than FGFR1IIIc and FGFR2IIIc mRNAs in prostate cancer samples. This finding is interesting because the b-type receptor splicing form is the major FGFR in various epithelial compartments during murine embryonal development (MacArthur et al, 1995b) , whereas there was a gradual loss of the FGFR2IIIb isoform and acquisition of the FGFR2IIIc isoform in a rat model of prostate cancer progression from an androgensensitive, well differentiated tumor to an androgeninsensitive, poorly differentiated tumor (Yan et al, 1992 (Yan et al, , 1993 . In human prostate cancer cell lines and xenograft models, expression of FGFR2IIIb is associated with a more differentiated phenotype than FGFR2IIIc, with an androgen-independent and less differentiated phenotype (Carstens et al, 1997) . It will be important to clarify the functional role of various FGF-8 isoforms and FGFR splicing variants in the malignant transformation of prostate epithelial cells.
We report an induction of FGF-8 protein expression and a clear increase in the level of expression of FGFR1 and FGFR2 in PIN and prostate cancer cells compared with normal-type epithelium. Unlike Leung et al (1996) and Dorkin et al (1999) 
Intensity of immunoreactivity: 0, none; ϩ, weak; ϩϩ, moderate; ϩϩϩ, strong; 0/ϩ, 0/ϩϩ, 0/ϩϩϩ, ϩ/ϩϩ, ϩ/ϩϩϩ, ϩϩ/ϩϩϩ: heterogenous distribution of immunoreactivity.
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There was also no obvious correlation between the expression of different isoforms and the grade of prostate cancer. It is possible that for FGF-8 -isoform expression a large number of samples would be required to demonstrate such correlations. Alternatively, these observations may support the possibility that alterations in FGF-8 and its receptors are mainly associated with early changes and development of PIN lesions of prostatic epithelium.
In conclusion, our results show that the components of the FGF-8 autocrine loop are expressed at an increased level in both premalignant PIN lesions and prostate cancer compared with normal-type epithelium. Additionally, the expression pattern of FGF-8 isoforms was clearly more heterogenous in prostate cancer than in control prostate specimens. These results suggest that FGF-8 -mediated pathways are involved in the development of human prostate cancer.
Methods
Tissue Samples
The samples of prostate cancer were obtained from 31 patients (aged 47 to 74 years, mean 64 years) undergoing radical prostatectomy. The carcinomas were grouped according to their histologic grade (I, II, or III; World Health Organization [WHO] classification) (Mostofi, 1980 ) (well differentiated, moderately differentiated, or poorly differentiated) and according to their Gleason grade (Bostwick, 1994) . Because of heterogenous distribution of cancer in prostates, histologic grade was confirmed from the area adjacent to the prostatic specimen from which the RNA sample was taken. Nonmalignant prostate tissues were obtained from 24 patients undergoing cystoprostatectomy because of bladder carcinoma (aged 43 to 77 years; mean 62 years). Although most of these prostates showed at least microscopic hyperplasia, they were thought to be representative of normal nonmalignant control prostate of elderly men, because the prevalence of benign prostatic hyperplasia in 61-to 70-year-old men is 71% Ϯ 7.2% (Berry et al, 1984) . Diagnostic criteria for PIN according to Bostwick (1995) were used. All of the samples studied were examined by an experienced pathologist (PM Martikainen). The Local Ethical Committee approved the collection and analysis of the prostate samples.
RNA preparation and RT-PCR
Total RNA was extracted by using the guanidinium isothiocyanate method of Chirgwin et al (1979) or Chomzynski and Sacchi (1987) . Figure 6A shows the exon structure and splicing variants of the human FGF-8 gene according to Gemel et al (1996) and MacArthur et al (1995c) . The primers used for FGF-8 -isoform RT-PCR (arrows) were the same as reported in Ghosh et al (1996) . The 5'-primer (RB416) 5'-TGAGCTGCCTGCTGTTG-CACTT-3' is located in exons 1A (begin) and 1B (end). The 3'-primer (RB418) 5'-TGAAGACGCAGTCC-TTGCCTT-3' is located in the beginning of exon 3. In Figure 6B , the arrow shows the second half of the third immunoglobulin-like loop, where splicing for the FGFR1, 2, and 3 alternative forms (IIIb and IIIc) occurs. The specific primers used for this area of the FGFR1, 2, and 3 isoforms were as follows: for FGFR1IIIc, 5'-primer 5'-TCTTCTGGGCTGTGCTG-3' and 3'-primer 5'-CATCTCTTTGTCGGTGGTATTAACTCCA-3', according to Ittman and Mansukhani (1997) ; for FGFR2IIIb, 5'-primer 5'-CACTCGGGGATAAATAGCTCCAAT-3' and 3'-primer 5'-CTTGCTGTTTGGGCAGGACAG-3'; and for FGFR2IIIc, 5'-primer 5'-GCCGCCGGTGTTAACA-CCACGGAC-3' and 3'-primer 5'-TGGCAGACCTGTC-AACCATGCAGA-3', according to Miki et al (1992) and Savagner et al (1994) . For FGFR3IIIc, a 5'-primer 5'-ACCCTACGTTACCGTGCTCAA-3' and 3'-primer 5'-CCGCCAGGCAGGTGTACT-3' for 30 cycles of 94°C, 1 minute; 60°C, 1 minute; 72°C, 3 minutes. The FGFR4 primers were 5'-primer 5'-TCTGAGGAAGTGG-AGCTTGA-3' and 3'-primer 5'-TAGTTATAGCGGAT-GCTGCC-3', according to Ittman and Mansukhani (1997) . The sensitivity of the RT-PCR assay was examined by in vitro transcription of FGF-8a cDNA inserted into the pGEM3z vector. The FGF-8 -isoform RT-PCR was performed from 0, 10 1 , 10 2 , . . . to 10 10 copies of FGF-8a RNA. The FGF-8a PCR product was detectable from 10 copies of RNA (data not shown).
Southern Blotting
Samples (20 l) from the RT-PCR reaction mixtures for FGF-8 or FGFRs were run on 3% or 1% NuSieve 3:1 agarose gels (FMC BioProducts, Rockland, Maine), respectively, and transferred to the Gene Screen plus nylon membrane (DuPont NEN, Boston, Massachusetts) using standard conditions.
The specificity of the FGF-8 RT-PCR products was confirmed by Southern blots using an internal oligonucleotide probe (RB402) located at exon 1D, 5'-TGAGCTGATCCGTCACCA-3', and common to all isoforms (Ghosh et al, 1996) . The RT-PCR products for FGFR1IIIc and FGFR2IIIb were confirmed with the oligonucleotide probes 5'-TGTGTAAGGTGTAC-AGTGA-3' and 5'-GGATGCTGGGGAATATATA-3', respectively. The oligonucleotides were 3'-end labeled with nonradioactive digoxigenin-11-ddUTP (DIGddUTP) (Boehringer Mannheim Biochemicals, Mannheim, Germany) according to the protocol of the manufacturer. Hybridization was carried out for 18 to 24 hours at 50°C for FGF-8, 48°C for FGFR1IIIc, and 53°C for FGFR2IIIb. Washes and signal detection were as described in the DIG Luminescent detection protocol (Boehringer Mannheim Biochemicals), and the membranes were exposed to Konica Medical film (Dionne et al, 1990 ), using standard conditions.
Sequencing
To verify the Southern blot results, the FGF-8 and FGFR RT-PCR fragments were also sequenced by an ABI377 automatic sequencer (Applied Biosystems Perkin-Elmer, Foster City, California).
Immunohistochemistry
Serial sections (5 m) of paraffin-embedded prostate samples were cut and mounted on silane-coated glass slides. The sections were deparaffinized, rehydrated, and washed in PBS. The endogenous peroxidase activity was blocked by incubating the slides in 2% peroxide in PBS. Treatment in the microwave oven was used to unmask the antigen epitopes. After cooling the slides, the nonspecific binding of the IgG was minimized by a 30-minute preincubation of the slides in normal horse serum (Vector Laboratories, Inc., Burlingame, California) at room temperature. The primary polyclonal antibody to FGF-8, which recognizes all of the FGF-8 isoforms (N-19; Santa Cruz Biotechnology Inc., Santa Cruz, California) was applied overnight at a dilution of 1:100 in PBS at ϩ4°C. Controls for specificity of FGF-8 immunoreactivity included incubation of randomly selected sections with normal goat IgG (R and D Systems, Minneapolis, Minnesota) at the same dilution as the primary antibody. The specificity of the FGF-8 antibody was demonstrated in our previous report (Valve et al, 2000) . After washes in PBS, the samples were reacted with a biotinylated donkey anti-goat IgG secondary antibody (Jackson Immunoresearch, West Grove, Pennsylvania) at a 1:200 dilution for 30 minutes at room temperature. The detection was performed with an ABC kit (Vector Laboratories Inc.). The slides were reacted with diaminobenzidine, washed, counterstained with Mayer's hematoxylin, dehydrated, treated with xylene, and mounted.
The FGFR1 and FGFR2 immunohistochemistry was performed with primary rabbit antibodies to FGFR1 (C-15) and FGFR2 (C-17) (Santa Cruz Biotechnology Inc.), at a dilution of 3 g/ml in PBS at ϩ4°C overnight. Controls for specificity of immunoreactivity included incubation of randomly selected sections with normal rabbit serum (Sigma Chemical Company, St. Louis, Missouri) in PBS. The specificity of these FGFR antibodies was previously demonstrated by Cancilla and Risbridger (1998) . After washes in PBS, the samples were reacted with a biotinylated goat anti-rabbit IgG (Vector Laboratories Inc.) secondary antibody at a 1:200 dilution for 30 minutes at room temperature. The detection of the immunocomplexes was performed with an ABC kit (Vector Laboratories Inc.). The slides were reacted with diaminobenzidine, washed, counterstained with Mayer's hematoxylin, dehydrated, treated with xylene, and mounted.
The sections were independently analyzed by two investigators, and the intensities of FGF-8 and FGFR reactivities in various regions of the samples were estimated using the categories 0 (no reactivity), ϩ (weak reactivity), ϩϩ (moderate reactivity), and ϩϩϩ (strong reactivity). The range of immunoreactivity from absent (0) or weak (ϩ) to moderate (ϩϩ) or strong (ϩϩϩ) reactivity in various parts of the sections was marked as 0/ϩ, 0/ϩϩ, 0/ϩϩϩ, ϩ/ϩϩ, ϩ/ϩϩϩ, or ϩϩ/ϩϩϩ, indicating heterogeneity within one sample (Tables 3 and 4) .
Statistical Analysis
Differences between the expression of the FGF-8 isoforms a or e or FGF-8 isoform combinations in prostate cancer and control prostates were examined using the Fisher's exact test.
Figure 6.
A, The exon structure and splicing variants of the human FGF-8 gene (Gemel et al, 1996; MacArthur et al, 1995c) . B, Structure of generalized FGFR. The positions of the RT-PCR primers used to amplify FGF-8 (arrows in A) and a region for alternative splicing of FGFR isoforms (arrow in B).
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